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SUMMARY 


A study was carried out to determine the retention 
of BHA and BHT in production of dehydrated potato granules 
by a freeze-thaw process. Retention of antioxidants was 
followed in mashing; pre- and final drying steps of the 
pEocess. =) Retentionio& thesantiaoxidants during storage 
Of Granulestat 25 and BIO ea polyethylene bags fora 
period of six weeks was also investigated. 

During potato granule production, three different 
methods of antioxidant application were assayed, i.e. 
addition in the forms of powder, emulsion and ethanol 
solution. Two different formulations of emulsion were 
used; one consisted of antioxidant, surfactant (Myvatex) 
and water, while the other included the addition of the 
surfactant Tween 60. No appreciable difference was de- 
tected between them with regard to antioxidant retention. 

Application of antioxidants in powder form appeared 
to offer the highest retention of antioxidants by potato 
granules, while liquid form application increased their 
volatility, resulting in less retention. No appreciable 
difference in retention values was obtained between the 
two formulations of emulsions used. A high degree of 


correlation between the loss of moisture content and the 
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loss of antioxidant showed that the combined effect of 
steam distillation and volatilization is mainly responsible 
for the poor antioxidant retention in the potato granule 
end product with approximately 7% moisture. Lowering the 
temperature of predrying and drying steps from 85°C to 

60°C and to 50°C resulted in even lower antioxidant reten- 
tion. This could be ascribed to the fact that at a lower 
temperature a longer time was required to accomplish each 
step. 

A storage test over a period of six weeks with 
dehydrated granules packed in polyethylene bags at both 
temperatures assayed showed a steady decline in antioxidant 
concentration. As expected, BHT had a lower retention 
Ehane BHA due tothe higher wolatviaty of BHT. Diffteren- 
tial pulse voltammetry was a highly satisfactory quanti- 
tative and qualitative method for simultaneous determina- 
tion of BHA and BHT. The antioxidants were recovered 
from dehydrated granules by benzene extraction at room 
temperature, while distillation was used as an extrac- 
tion method for the samples which had a moisture content 
higher than 30%, since the higher moisture content in 
mashed potatoes considerably pedueed CiewextilatwLOon Capa — 
city of benzene. The benzene extraction procedure was 
Lop MemanoecLcicient, and) wasmiavorea by the fact that no 


pretreatment or separation procedures were required. 
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RESUMEN 


El presente estudio se llevé a cabo para deter- 
Minar la retencién de BHA y BHT en la produccién de 
granulos de papa deshidratados, por el procedimiento de 
Congelacién-descongelaci6én. Se comprob6é la retencién de 
los antioxidantes durante las etapas de preparacién del 
puré, pre-secado y secado del proceso. Tambien se inves- 
tig6d la retencidén de los antioxidantes durante almacena- 
miento de los grdnulos a 25 y 37°C en bolsas de polie- 
tileno por un periodo de seis semanas. 

Durante la producci6én de granulos de papa, se 
utilizaron tres métodos diferentes para la aplicacidén de 
los antioxidantes, adicién en forma de polvo, emulsion y 
soluci6én alcoholica. Se utilizaron dos diferentes formu- 
laciones de emulsion; una consistia de antioxidante, tensio- 
activo (Myvatex) y agua, la otra incluia la adicidén del 
agente tensioactivo Tween 60. 

No se encontré ninguna apreciable diferencia entre 
ellas en cuanto a retencién del antioxidante. La aplica- 
Cion de los antioxidantes en forma de polvo paracidé ofrecer 
Wei OGeretencion de clilostenslos granulos de papa, 
mientras que las formas de aplicacién liquidas aumentaban 
su volatilidad, dando como resultado menos retencidén. No 


se encontraron diferencias apreciables en la retencidn 
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obtenida entre las dos formulaciones de emulsidén utili- 
zadas; el alto grado de correlacién entre la pérdida del 
contenido de humedad y la pérdida del antioxidante, demo- 
straron que el efecto combinado entre la destilacién al 
vapor y la volatilizaci6én son principalmente los respon- 
sables de la baja retencidén de los antioxidantes en el 
producto final de los grdnulos de papa, con un contenido 
de humedad aproximademente del 73%. 

El reducir la temperatura de las etapas de pre- 
secado y secado de g5°c a 60°C y 50°c, dio como resultado 
aan mas baja retencién de los antioxidantes, Esto se 
debe al hecho de que a menor temperatura se necesito un 
periodo de tiempo mas largo para concluir cada paso. 

La prueba de almacenamiento de los granulos deshi- 
dratados empacados en bolsas de polietileno, durante un 
periodo de seis semanas, a las dos temperaturas utilizadas; 
Mastro una permanente disminucidén en la concentracién de 
los antioxidantes. Como se esperaba, BHT tuvo mas baja 
retencién que BHA debido a la alta volatilidad del BHT. 

El método de Voltametria diferencial de pulso, 
result6 ser un método altamente satisfactorio, tanto cuali- 
tativa como cuantitativamente para la determinacidén simul- 
tanea de BHA y BHT. Los antioxidantes se separaron de 
los granulos deshidratados por extraccidén con benceno a 


temperatura ambiente, mientras que para las muestras con 
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un contenido de humedad mayor del 30% se utiliz6 la 
destilacién como método de extracci6én; ya que el mayor 
contenido de humedad del puré de papa reduce considerable- 
mente la capacidad extractiva del benceno. 

El hecho de no necesitarse una separacién o trata- 
mMiento previos, ayudéda que el procedimiento de extraccién 


fuera rapido y eficiente. 
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ee RODUCTION 


The potato is one of the most important vegetables 
world-wide. Methods have been developed to produce many 
products which are Aesspsivs over a long period of time, and 
an ever increasing proportion of the crop is being pro- 
cessed. For example; am 1975eabout 572 of the potatoes in 
the U.S.A. were used by processors, with 22% being used 
POmpmaechyelraced DrOoaducts si omutin,s9 77). 

Potatoes are dehydrated on a commercial scale 
into dices or "instant mashed potatoes" (flakes, or gran- 
ules) which are widely used by consumer and institutional 
markets. 

POtLaAtOublakes are =puocuced by applying cooked 
mashed potatoes to the surface of a single drum dryer 
(Gordingeand Willard, 1956) ee thescdeposited Layer of solids 
tsearied Co about 6-/% moisture an about 290 seconds. The 
dried sheets are then cut into small flakes suitable for 
Packaging. Since the bulk density of the flakes is nor- 
mally very low (approximately 0.35 g/om?), packaging and 
Sit poOLngecOstssor the product are relatively high. The 
low bulk density of flakes also makes it uneconomical for 
them to be packed under nitrogen to retard oxidative ran- 
cidity, therefore, antioxidants must be used to protect 


the product against oxidative deterioration during storage 
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(Feustel et al, 1964). Improvements have been made to 
minimize some of the problems encountered. Bulk density 
Can be increased tComabout 0.77 g/cm? by forming flakelets 
(Eskew and Drazga, 1962). Flakelets are produced by 
mixing dried flakes with freshly sliced potatoes to give 
a much denser laminates and aggregates which are then 
dried on a vibrating bed dryer to the desired moisture 
content. Packaging under nitrogen to improve shelf life 
is economically feasible because of the higher bulk 
density of flakelets. 

Potato granules are one of the most commercially 
successful dehydrated mashed potato products. They are 
dehydrated single cells or aggregates of cells, dried to 
about 6-7% moisture. The granules are readily recon- 
stituted into mashed potatoes by mixing in hot water or 
milk they are suitable for both home and institutional 
use, and can be reconstituted according to personal pre- 
ference with a texture ranging from dry and mealy to moist 
and creamy. The high bulk density of the granules (0.85 
g/em or higher) reduces costs of packaging, shipping and 


SvObage. 
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2 eeOLUEeRE PoeOuetHEs INVESTIGATION 


One common problem with instant mashed potato 
PEOUUCESE1S thewdeterniorac1on Of flavor during shipping 
and storage due to oxidative rancidity involving potato 
lipids. Antioxidants such as BHT and BHA have been used 
to prolong shelf life by suppressing or retarding the 
onset of the autoxidative reaction. Much work has been 
done on the effect of antioxidants on the shelf life of 
flakes and granules produced with the commercial Add-Back 
(A-B) process. However, a major problem is the difficulty 
of ensuring adequate retention of the antioxidants in the 
product. The greatest loss of antioxidants takes place 
Boring processing, so various methods of application have 
been developed to reduce this loss. These include applica- 
tion of antioxidants in powder form, an emulsion or vege- 
table oil or ethanol solutions. Some methods appear to 
be reasonably effective for flakes, while some are better 
with the A-B granules. 

Freeze-Thaw (F-T) potato granules, which were 
developedsrecentiy in this laboratory (Ooraikul, 1977), 
however, have not been investigated with respect to the 
effect of antioxidants on shelf life. The F-T process, 
which is quite different from the commercial A-B process, 


may respond differently to the various antioxidant application 
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techniques. Also, the fate of the antioxidants in the 
Hie Granules, curingwscworagesmay datter from that in potato 
flakes or A-B granules. Therefore, this study was de- 
Signed to provide information in these areas. The objec- 


tives of this investigation of F-T granules were to 


determine: 
1. The effectiveness of application techniques 
for BHT and BHA with respect to antioxidant 
retention through various steps of the process. 
Me. Selnekextemteor Losseot “antioxidants, during 


storage at ambient and elevated temperatures. 
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3. LITERATURE REVIEW 


Potato Granule Production 


Development of a dehydrated potato granule pro- 
eess started during the mtatter part of World’ War IT as 7a 
project sponsored by the Subsistence Research and Develop- 
ment Laboratory of the United States Army Quartermaster 
Corps. The process was based essentially on the work of 
Barker and Burton (1944). In the same year a dry powder 
from which mashed potatoes could be prepared almost in- 
stantly was patented by Volpertas. The process involved 
predrying potato cubes in an environment of steam, applying 
a vacuum until 30-40% of the original weight was lost. 

The moist powder was cooled in an air stream until the 
water content was reduced to about 12-15%. Fresh potato 
mash was then added to the powder until the mixture was 
homogeneous. The mix was dried further under vigorous 
Soba tice to OOtaiIne che -Linad roduc. 

Since the dried particles had a hard skin un- 
Suitable for fast reconstitution, Rendle (1945) suggested 
drying the product in stages under carefully controlled 
conditions of temperature. A special agitating device 
was used to mix the mash with an approximately equal 


weight of seed powder (coarse dry particles from any 
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previous batch) to decrease water content to 40-45% 
by weight. 

The mixed product was reduced to the desired state 
of fineness by passing it through a sieve, and the sieved 
material was then dried. An additional step was intro- 
duced, in which the mashed potato was frozen prior to its 
admixture with seed powder. The resulting powder was more 
granular and less gelatinous than when this step was 
omitted. 

Willets and Rendle (1948) found that, unless the 
moisture content of the mashed potatoes was reduced to 
about 40% before drying, the texture and palatability of 
the product would be unsatisfactory because of the rupture 
Siw Dotatouce..!S and. release of starch... They.also, found 
that, if the mashed potatoes were frozen and then allowed 
to thaw with subsequent centrifuging to remove up to 603% 
of the moisture, the product could be dried, without 
addition of any seed powder, to a satisfactory and readily 
reconstitutable mashed potato powder. However, even if 
the moisture remained as high as 60% and some seed powder 
was added to reduce it to 40%, there was still a consider- 
able saving in the amount of seed powder needed, with a 
corresponding increase in output of the product. 

Rivoche (1951) patented a process which consisted 


essentially of freezing cooked potato, then reducing the 
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particle size by rubbing, abrasive crushing or milling 
action to give a very fine frozen powder, and then sub- 
ReCcingeit#to a@dryingistep.*\Theyintention*wasite sep- 
arate and dry the cooked potato cells without damaging 
them excessively and obtaining an unsatisfactory product. 

Greene et al (1948) developed a "freeze and squeeze" 
method in which mashed potatoes were frozen, thawed and 
pressed or centrifuged to reduce the moisture to about 
60% before granulation and drying. The process toughened 
potato cell walls against mechanical damage. The pro- 
GuctrorLered Good) texture on reconstitution, but lacked 
desirable taste and flavor. 

PeSEravone-Lenrougn omenoncecyCling process for 
the production of potato granules was developed by Lazar 
et al (1964). Stepwise conversion of cooked potatoes 
into dry granules featured drying in stages as a new 
technique for separating the cells from one another. Few 
potato cells were ruptured during such drying and, there- 
fore, not much starch was released. The product had a 
high bulk density and reconstituted readily. 

An F-T process which omits precooking and cooling 
Stevsuwas recently disclosed by Ooraikul, (1977). The 
process provided a new method wherein the overall effect 
was to cause very little damage to either the physical 


OmeuiuecrlelOnai DrOpeLrtles of the product. “In addition 
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there was very little discard or recycling. 

An A-B process which is a modification of that of 
Rendle (1945) is the only technique used commercially at 
present. However, due to several disadvantages inherent 
in the A-B process, newly developed processes, such as 
the F-T process, which eliminate or minimize some of 


these problems, appear to have good commercial potential. 


> 


The Add-Back Process 

The basic features of the process are: peeling, 
Slicing, precooking or water blanching with subsequent 
water cooling; followed by steam cooking, mash-mixing 
(with about two parts or recycled dry granules), condi- 
PLOmEiO pGetMeclLing matt tEteanvEngp ert Luto. bed drying, 
cooling and sieving. 

The rationale for the sequence of the steps is 
as follows: Slicing ensures effective and uniform heat 
transfer in subsequent cooking. Precooking and cooling 
avids sloughing during cooking and imparts the firmness 
to cell walls which is required in the mash-mixing step. 
Cooking brings about final softening of the tissue. Hot 
Mash wixiigeresults: in Cissuesseparatilon into individual 
cells or aggregates, with minimum cell rupture. During 
this step there is addition of additives such as fatty 
acid monoglycerides, sulfite and antioxidants. Condi- 
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the mash moisture and, by keeping the moisture content 

above 30%, to» force the free’ starch to retrograde and/or 
to form clathrates with glycerides, and thus increase the 
friability of the moist mash (Hadziyev and Steele, 1979). 

Remixingei Ss donesinvorder to further granulate 
the moist mash into small aggregates or single cell par- 
ticles. This and the previous mash-mixing step ensure 
that the moist granules remain separated when conveyed 
and dried in the subsequent air lift drying step. The 
latter step reduces the moisture content of the granules 
from 303 to about 15%, after which fluid bed drying de- 
creases the moisture content to close to 7%. 

The cooled granules are then sieved. A small 
portion (or particle size 80 mesh or less) is collected 
as end product, while the remainder is recycled. Particles 
of 10 mesh or greater are removed as rejects. 

The A-B process has been improved, but its major 
disadvantage: still remains:) 2/10,to 1/6s0f:i the solid 
material handled is the end product, while the remainder 
stays in the system by recycling. Granule quality may be 
reduced because undesirable characteristics, once developed, 
can remain in the system in appreciable amounts even after 
numerous cycles, perhaps for as long as a week of continuous 


production. This also tends to increase operating costs. 
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3.1.2 The Freeze-Thaw Process 

Theseus tO TOCSSSmnOme the, Drocuction Of potato gran— 
ules was developed to eliminate or minimize some of the 
major problems of the conventional A-B process (Ooraikul, 
TEESE 

In the F-T process potatoes are peeled sliced, 
washed, and soaked in 0.5% NaHSO, SOolUtCTOnN fOr 5S minutes, 
after which they are steam-cooked for 35 minutes. The 
cooked potatoes, along with 0.25% Myvatex (w/w), are 
immediately mashed for 2 minutes in a mixer equipped with 
a flat beater. The mashed potatoes are then frozen in an 
air-blast freezer, and thawed at room temperature before 
being charged into the dryer bowl of a fluidized bed 
dryer, preheated to 70°c. In the predrying step the 
anyang edie 2S 93°C at a VelocwivyeOmetsO0am/min, and the 
Sep uenemes Cede Um. D.M.). Pelimenemgraniiation step air temp— 
erature and velocity are reduced to about 30°C and 15 m/ 
min, respectively, while the stirrer speed is increased 
BOms 0 Umer. OLlly a DLV Inge Gc Ooneeat 85°C and 115 m/min wd i 
Velocitaye tne dried produecenormally contains at least 
85% of granules smaller than 60 mesh, and the broken cell 
count is not more than 3% (Figure 1). 

The F-T process is simple to operate and control, 
and requires less intricate equipment to produce the 


same amount of product. The reconstituted mashed potato 
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Raw Potatoes 
Peeling, slicing, washing, sulfiting 
Cooking 


Mashing @—_-__—_—, eAdditives 
Freezing and thawing 


Pre-drying 


Granulation 


Drying 


: 


Cooling 


>60 mesh | 


JV SLCUG Eee) se Sipe ali ayes 


| <60 mesh (85-90% product) 


Produce 


Figure | Flow chart of the freeze-thaw process. 
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from the F-T granules is Superior in textural quality, 
and both the flavor and color of the product resemble 


those of freshly mashed potatoes (Ooraikul, 1974). 
Storage Problems 


As with most dehydrated products which contain 
Sugar, —OrOCeIn and tipltas,, eOcaco dranules -are subject “to 
nonenzymic browning and oxidative deterioration during 


Seorage. 


Nonenzymic Browning 

Nonenzymic browning can occur during processing 
SnOmoLOLcaAgesOLEDOLaLO  ObanuULl esl ceresults an distinct 
Gepecvonatton sige thie color, 1 bavol wana Nutritional value 
Oreuies, DrOduct. 

During processing, the browning reaction has a 
high temperature coefficient and the rate is exponential 
with temperature (Hendel et al., 1955). The use of pota- 
toes with a low content of reducing sugars is one of the 
best measures to avoid browning during drying. 

The extent of nonenzymic browning is usually 
Proportional to the content) of reducing Sugars, although 
exceptions to this general rule do occur (Smith, 1977). 

Potatoes with less than 1% of reducing sugars on 
a dry basis are best for the manufacture of granules. 


However, in order to hold fresh potatoes without undue 


ay Souboxy “ay to" garss bat iavgt® 
pI NRE?. ,danterot), Sea ro 24. iia rites 


or ee 


a3e3 Hor dehiw ezclidsroosasiyle® oeow cose as 
as Spal Ure: Soe Segene=4 OsHtes « Wegel Sra i iS7VSq ¢ 


OAh25 0 ee! ye bb, SVLI5) 6 oe | us sc. wwerst cae” 


on wwrulent i 

PaTSS=s08g 4 P2GC fuesC Pot ny wd Vs Age 
Sasseis) ni ceTivess, 37 ce (Mag “fotet 34 agatore 
eelws feoh?stéoain She’ ,9avVet «iOlGnd Sa7 wa Aeditenc! 
Fr | seine a 

fg rer, “i Ligee% Le) aWwecd of) wiNittacoing mr eit 
lgaaricindal cs 2% $387 af? tu: (ier. 3 tee arto © 
Agdiody io orate ant” .1S0L yuk 23 ‘shay Subtategenee tt 
agtet bac Me 22 sttvce Wit ef to prs ned wo Led inte 
eeniysh erhanh: wr» aired: bite eh 
it t@uan ¢ iakorpate > te 
2 Pilonbes 30 tg@e 


ig 


SPLOouLing = prlonecomprocessing, Mthey must ibe stored ‘at 
temperatures close to 5.5°C. The drawback is that at 
these temperatures there is a large increase in the reducing 
Sugar content of the potatoes. 

Conditioning treatment in which the fresh potatoes 
are held at about 21°¢c (70°F) for one or two weeks before 
processing can reduce the level of reducing sugars, but 
Diem eceatment is only parntvellyeetfeceive (Smith, 1977) 

In processing of potato granules it is a general prac- 

tice to add sulfites to inhibit both nonenzymic and enzymic 
browning. Sodium sulfite and/or bisulfite are added 

along with emulsifiers, antioxidants and other additives 

in the mashing step of processing. The amounts used corre- 
spond to- 350-500 ppm (as SO.) in the dehydrated end pro- 
duct wetheslevele ot SO, in potato granules is subject to 
government regulation. In Canada, the United States, and 
the United Kingdom not more than 500 ppm are permitted 
(Hadziyev and Steele, 1979). Although lowering of moisture 
content of the product and avoiding of high temperatures 
during storage are effective in inhibiting browning in 
Granules, they do not play®any part~iny controlling the 


phenomenon during processing. 
Lipids in Potatoes 


AUCHOUGIELNeRduanLuGyeolmiliplas an potatoesris 


aw tire tad ti 
- ah 200 ey masse’ 
be atts: +4 dagpvbat onset @ ¥! rere eeu 

r= water gg viz 16 mieten 


n i _ an 
Sangasug Dag)? 00 Gainw gi, sa este YO wizeaees © 
pee ee i oP rr tuode de Gis 
: | 7 
Sid” GSRcte HuPeibe:..ic (re? ots S96 0S7- Ban 


vrs) (Ons Ay DIVE! yilsisteq /j@ ot en at 
“9e59 (ef 4atse s © Laer weat ngézeg 2 onisononte AE” 
braien: hae yieyxnsieon Pitas irae. 1 of e607 Tine fibe os aoiz i) 
| Lenhu: = petinetdtoc'°\"r. & fe te age seas pe 
gps t Tha Riis rd @anphicetans’ ,eeeit eto stiw > ol ? 


i : - st) 
Jeo 00) bee ada he ART eee ey Ge cen! pontiane ett ee 


“S710 Bre Meer >=i/al HD Ply Os eb niea 902-88f af brogey 
oF rary ry Selirtes! Pe Ws gts 34. Deveel bgt! « Jon8 
ia ~asaeem Pott eho seh . (alr omy FSrwents 
7 Net? Sh. ae mie » tthe eat 948) Jen mbps, beatatlon 
Vguiis@tcMic swliehe!—(yeotsin. . (ED sted nas we Pi 
Geketatenped Syihiaolbraty o> > *aReD pee qh 
pate (aan femme AALs 108 %! F3sea3u oe a sappeh 


aed puat sess; Ne Wetay) YA vekaly 


ae 


= 


4 


out 


14 


very lows [CrOMmeLNeanutritvonal point Of view theyedo) play 
a major role in oxidative deterioration of potato granules 
during storage. A detailed study of the lipid composi- 
tion and constituents in raw and granulated potatoes was 
peovrcedeby, Pun L979) Reais Ehebestudvyan tewas® Eounduthat 
Puplas are) only avtracesconstituent jin potato tubers. 
Netted Gem potatoes contained 0.65% lipids ona dry weight 
basis. 

The lipids found were compound, i.e., those con- 
taining other groups in addition to esters of fatty acids 
with glycerol. The major compound lipids were phos- 
pholaipads, galactolapidsmandtsteryisidapids: The major 
phospholipids were phosphatidyl ethanolamine and phos- 
phatidyl. choline. The galactolipids found to be predomi- 
nant were digalactosvl diglyceride and monogalactosyl 
diglyceride. The steryl lipids identified were free 
sterols, esterified sterols, steryl glucoside and ester- 
ified steryl glucoside. The so-called neutral lipid 
Pract One Wasmonl yaa nimmorecenstituent of potatotlipidsy 
with triglycerides being its major component. The predomi- 
NenceromspOlaArmiaipids® (phosphola pidsmands glycolapaids) 
in the tuber was an indication that tuber lipids were 
primarily structural elements of cellular organelles and 
lipomembranes. They were all rich in polyunsaturated 


fatty acids. All lipid classes were esterified, mostly 
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Dye ino ves copia eoren temandpalmiUnic Factds /FeStearitcrand 
Oleic acids were present to a lesser extent. 

The most unsaturated potato lipids were the galac- 
tolipids, monogalactosyl diglyceride and digalactosyl 
diglyceride, which contained predominantly the unsaturated 
aqras,) Mino leic fand inte lentc an Ontrhe other *hand, the 
steryl lipids, esterified steryl glucoside and esteri- 
fied sterol, being esterified mainly by palmitic acid, were 
among the most saturated potato lipids. 

The sterol composition of the steryl lipids was 
also established. Only three sterols were found to be 
DEesSeneern asi gniricant wanounts: echolesterol, astigmasterol 
and 8-Sitosterol. The predominant sterol overall in steryl 
lipids was §$-sitosterol, whereas cholesterol was concen- 
trated in the esterified sterol and steryl glucoside 


EGaACt TONS. 


Pips ine Dehydrated Potatoes 


A comprehensive study of potato lipids and changes 
iipeie GucOnStelbiients andiiacty Gaciridecomposit ton nduning 
production of granules by the F=T process was given by 
(Abhay CANS G/ CMM) 

The relative amounts of individual lipids in raw 
perc-Oosecie aio bechangessignmunicanbly during processing, 


however, their absolute amounts did decrease substantially. 
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The major loss occurred during the slicing/steam-cooking/ 
hot mashing steps. This loss was mainly in the phospholipid 
fractions. Phosphatidyl ethanolamine and phosphatidyl 
inositol were the most affected lipids. However, the loss 
of various lipids was not accompanied by an increase in 
bre*wcontent Yonmer ree stacey eactas . )tOn the contrary, the 
free fatty acid content decreased substantially. This 
finding would suggest that the lipids were lost in pre- 
cooking and cooling steps as a result of enzymic hydro- 
lysis and degradation, followed by steam distillation of 
lipid breakdown products, since pure triglycerides and 
other lipids were not distillable under simulated condi- 
Grons Or ecookunG. and/o a@imashinges( Punt 979 Pun teti-al., 
L918 0.) 33 

mhewrelative fatty sacidycomposition of etotal 
lipids changed slightly during processing. There was a 
Sivont. accumulation Sn’ isteartcevand, palmiticttacids wand a 
Slight decrease in the amount of polyunsaturated fatty 
across Also, the fatty acid tcomposi tion of =the neutral 
fords sGaalquycer Laces) #dad nourchange “to any “signi ticant 
extent during processing into dehydrated granules. Hence, 
the unsaturation degree of all the lipids in freshly pro- 
cessed granules remained very high, so off-flavor develop- 
ment in dehyrated granules would not be surprising. In 


light of these results, galactolipids and phospholipids, 
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which contained the most unsaturated fatty acids, were 
likely to be major compounds associated with off-flavor 
development by autoxidation of potato lipids. However, 
Ehesnaturceo® Wi pwdsepereses1n potatoes appears ‘to; be 
of equal importance to the manner in which lipids are 
associated with cellular components and the changes in 
the spatial organization of these cellular constituents 
in potato tissue as induced by processing. The latter 
mightebeva=tactor invecontroliang= the quality of potato 
granules, since during cooking and subsequent processing 
steps the lipids are embedded and/or spread over gelled 
Starch, denaturated protein and/or cellulose-pectin matrices. 
As found by transmission electron microscopy, 
laprdse in cooked potato’ cells exist in the form of mem— 
branes sandwiched between gelled starch and the cell wall 
(Pun, 1979). Their oxidation would be partially prevented 
during granule processing, especially during drying steps, 
Since they are not exposed directly to the drying air. 
However, this spatial arrangement of lipid constituents 
in dry granules would not be effectively shielded because 
both starch and cell wall in a dehydrated state would act 
Notsonly as spreading matricea™tor the Wipid but also as 
DEONOLerLowmOLeOoxtdatirvevattacke  "Such@a™ possibility would 
be greatly minimized if lipids in the processed product 


existed in combination with proteins, a combination which 
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Betards Pipidsoxidation, (Khan & Hadziveyv, 1979). 

In conclusion, the oxidation rates of phospho- 
and galactolipids in dehydrated granules would be a resul- 
EaneeroceOnlLyaOmeaclemortructiresand unsaturation deqree of 
lipids but also of the nature of the matrix with which the 


lipids are associated. 


Autoxidation 


Possible mechanisms of Autoxidative Rancidity 


Lipid autoxidation in potato tuber occurs when 


lipids react with atmospheric oxygen. Damage to the living 
MuSssvemoLSLUuptoutLme Internaleotockemical control. Such 
Giseupe1 ons Canesresult from: sae Daysical damage (cutting 


Gesorutsing OL the uber) > be wintection by microorganisms, 
c. senescence or death of the tissue, and d. processing 
Or tubers. 

The mechanism of lipid autoxidation comprises 

EinecerMajObesteps (Labuza, ereale, 1971): 

1. The molecules of unsaturated fatty acids are 
excited in an initial step by energy of light 
ong Isisher, “UNeweh auch jel SESS E Weeickeheimehal ahialinena’ 
usually, 1S noterate: determining . 

2. In the second step (propagation) there is a 
transfer of energy from one excited molecule 


to another; oxygen is tied up as a peroxide 
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free radical. This step has a rate constant 
(Kp). 
3. In the final step (termination) peroxide 


free radicals are split by specific recurrent 
reactions, producing a wide variety of products 
whichtaresotiensivesinitastetandiodor. “In 

this step the initial product is usually an 
aldehyde resulting from direct scission of 
peroxide. 

Timprac tice gi twWisPimponGantetowrealize tChatethe 
presence of linoleic and linolenic acids or other poly- 
unsaturated acids can lead to induced autoxidation of the 
meressaturatedt fatty vacids..) Suchtan autocatalytic effect 
mirgnteinvolve vacchain ™neaction with oleic acid, anda 
Saturated; fatty vacid may eventacteas atsubstrate? “In 
addweion, autoxidation isistronglyccatalyzed by -potato 
trace metal constituents (Cu, Fe). Thus, dehydrated 
products, like potato granules, are far more readily sub- 
ject to oxidative rancidity than the corresponding raw 
potato tissue. The effect of trace metal catalysts is 
highly significant when dehydration is carried out beyond 
a certain moisture level. The only explanation LOnscniS is 
that the trace metals in such a product are free, and not 
complexed or coordinated with water molecules, or simply are 


more active in the nonpolar environment (Uri, 1973). 
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3.5.2 Autoxidation Problems in Dehydrated Potatoes 
The high degree of unsaturation of potato lipids 
contributes to the gradual development of oxidative ran- 
Ccidity of dehydrated flakes and granules. The first 
extensive study of oxidative off-flavor development in 
Granules "was by=Buttervyeeceahe (1961).  “Insthis study 
potato granules, prepared by the A-B process with sulfite 


(300 ppm SO as the only additive, were packed in cans 


>) 
in an atmosphere of air, oxygen, or nitrogen and stored 

at room temperature. Control samples were kept under 
Neerogen at -35°C. The oxidative degradation of linoleic 
and linolenic acids closely correlated with the volume of 
oxygen absorbed and with the degree of off-flavor of the 
Product upon reconstitution. 

Since off-flavor development was due to the pre- 
sence of polyunsaturated fatty acids, their content was 
expressed as an unsaturation ratio (UR, a ratio of the sum 
Coe nolerc™and = linoleniclactasmto1cne=sumror palmitic 
and stearic acids present in the granules). The UR was 
suggested as a convenient index for the probability of 
autoxidation. Freshly dehydrated granules had a UR close 
(BG> SHO Me THe NES TelXetaareysiarel ee) 1k after 4-5 months storage in 
att yeand=toO 0.7 atter 3 months storage in oxygen. 


The Oxidation rates of Linoleic and linolénic acids 


were Similar. It was established that two moles of oxygen 
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were taken up for each mole of linoleic and linolenic 
acids oxidized. Off-flavor scores for the stored granules, 
as obtained by a sensory panel, increased with a decrease 
in UR. Oxygen absorbed from the headspace plotted vs 
storage time gave a curve typical of lipid autoxidation. 
There was an induction period, followed by rapid oxida- 
tion” (propagationestep)mandtartailing-off*period. 

Buttery et al (1961) also analyzed the headspace 
vapor of the can, and the vapor above hot reconstituted 


granules. They detected aldehydes (up to C anduhydro- 


as) 
carbons (up to Ce). Hexanal was the predominant volatile 
from granule autoxidation. Its concentration was about 
four times that of any other major component, and ten times 
Enveteosethesemajority of thevotherecomoounds.:, Theivolatile 
from autoxidized granules corresponded to theoretically 
expected degradation vroducts of linoleic and linolenic 
acres 

Evans et al (1969) postulated and proved thermal 
breakdown of hydroperoxides, yielding specific hydrocarbons. 
ihemOxtaatronect pureslinole1 cgandwilanolenicsacidsrpro- 
duced mostly ethane and pentane, which together constituted 
more than 90% of the hydrocarbons released. Similar re- 
sults were obtained for autoxidized potato granules. 


Recently, measurement of the concentration of hydro- 


carbons (pentane in particular) was suggested for determination 
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of the extent of oxidative deterioration of dehydrated 
mashed potatoes (Arnaud & Wuhrman, 1974). 

Potato granules stored in air do not show a high 
level of headspace volatiles, but there is a high concen- 
tration upon steam distillation, or in the headspace of 
hot reconstituted granules. This suggests that the bulk 
Oi@cEr—rlavyoreconstituents, derivede:romeoxida zed" lipids 
avesreleased through? thes breakdown of precursors after 
hot reconstitution of granules. 

The relation of hexanal in headspace to subjective 
flavor estimates was reported by Boggs et al. (1964). Com- 
merevallyeproducea granulest (Js moisture,” 2.5 ¢ppm) BHT, 
and 250 ppm sulfite as SO.) were sealed in cans under air, 
and stored at 22°C. A control sample was packed under 
nitrogen and stored at =eiece Air-packed granules, when 
reconstituted, showed a hexanal increase proportional to 
storage time. The increase was slow during the first two 
months, suggesting an induction period. This was followed 
by a rapid change after 80 days, after which a regular 
hexanal increase occurred up to 4 months of storage. 
Hexanal concentration was closely associated with flavor 
deterioration of dehydrated granules as judged by a test 
panel. 

Walter and Purcell (1974) found that dehydrated 


sweet potato flakes underwent rapid oxidative deterioration 
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unless stored in an atmosphere low in oxygen. Of rele- 
vance to rancidity problems of dehydrated mashed pota- 
toes was their suggestion that autoxidation of flakes 
occurred in a bimodal fashion, with free surface lipids 
being oxidized at a faster rate than internally located 
bound lipids. The loss of bound fatty acids was almost 
too slow to be detectable, while surface fatty acids had 
BMmerunductiOny perlOdsOplomdaysweetie fact, that 763 of 
unsaturated lipids occurred in bound lipids and the 
bound lipids were oxidized at much lower rates than sur- 
face lipids strongly suggested that environment was often 
more important for autoxidat#on=™than lipid composition. 

A plausible explanation of bimodal autoxidation 
in flakes was that processing brings about a trapping of 
up to 90% of the lipids within gelled carbohydrates and 
Protein matrices., This matrix ™ protection might “retard 
lipid autoxidation. However, lipids on the flake surface 
are freely exposed to air and consequently, are readily 
oxidized. Therefore, the rancidity responsible for 
short shelf life of dehydrated mashed potatoes might be 
Seer buLcedsprimarily=toysurtaceslapids (Walter et al., 1972). 

Khan and Hadziyev (1979), studying accelerated 
autoxidation of potato lipids in dehydrated model systems 
and potato granules, found that oxidation rates were 


highest with glycolipids, followed by phospholipids. 
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Neutral lipids, most of which were saturated, were oxi- 
dized very slowly. The authors suggested that in a pro- 
cessed potato product,the most unsaturated lipids (galac- 
tolipids) would be most susceptible to degradation, and 
that this would be influenced by lipid orientation within 
or on the surface of the protein and/or carbohydrate ma- 


trices *ofathe final product: 


Packing and Storage 


Atmospheric Storage 

Volatile components associated with storage changes 
in dehydrated potato products can arise from reducing 
Sugais—aminod saciid interaction land from Lipid ioxidation. 
Storage for six months, as reported by Sapers et al. (1972), 
resulted in only small increases in the content of low- 
boiling aldehydes, and of furfural. Phenylacetaldehyde, 
the major component of potato flake volatile concentrate, 
increased slowly during the first three months of storage, 
as did benzaldehyde. Differences between the level of 


furfural and the Strecker degradation aldehydes were small 


and variable in flakes packed in air and in nitrogen. 
These findings suggested that déhydrated potato granules 


and flakes packed in nitrogen might undergo further non- 


enzymic browning reactions during storage, yielding volatiles 


detrimental to flavor. However, the shelf life of flakes 
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was not normally limited by flavor defects due to sugar- 
amino acid interaction. The major objectionable flavor 
defect was derived from lipid oxidation, which could be 
GCONETO! 1 edetonasecertainsextentyby BHA or®BHTe@and=by™packing 
inenttrogen>s 8Flakesestoredaintainvat 23°C for Wp utouo 
months showed a substantial increase in compounds clearly 
andieativenofSiiptdaroxidation. 

The possible effectiveness of uSing cartons for 
storage of dehydrated mashed potatoes was tested by 
Lisberg and Chen (1973). Their study involved freshly pro- 
cessed granules (6% moisture, 11 ppm BHT, and 382 ppm sul- 
fite as SO,) stored at 24°C and 50% relative humidity 
under air or nitrogen in sealed cans or foil-lined and 
polyethylene-coated cartons. Hexanal was not detected 
until the third month of storage. Differences in flavor 
and aroma were significant only after the fourth and sixth 
NOVveto ee eLnewcontent of IBHEwdeclined steadily to 6.7 ppm 
Puecanseaniel.jelnh Cartons. 

Overseas shipment of granules in polyethylene- 
lined paper bags during summer may result in extensive 
rancidity. Some shipments of add-back granules (7% mois- 


ture, 550 ppm sulfite as SO and close to 10 ppm BHT) be- 


Du 
came rancid after a transportation period of four months 
(Dornayearoods, 1976). 


Hexanal levels determined by the procedure described 
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by Buttery and Teranishi (1963) and Boggs et al. (1964) 
were 4 - 5 times higher than commercially permitted. The 
levels of SO, decreased at the same time and tended to 
reflect the extent of rancidity. The samples with minimal 
hexanal levels retained about 4 ppm of antioxidant, and 


the slightly rancid ones only traces, while the highly 


rancid granules completely lost all the antioxidant. 


3.6.2 Nitrogen Storage 

Oxidative deterioration can be retarded greatly 
by packing potato granules in nitrogen. However nitrogen 
has little effect on the rate of browning. Nitrogen 
packing is used commercially for control of oxidative 
deterioration. While oxidation is largely prevented, it 
still occurs to a much lower extent, presumably because of 
the small amount of residual oxygen that is usually pre- 
sent (the package usually contains 0.5-1.5% O,). When 
pin holes occur in the foil laminate, heat-sealed bags 
usually used for retail distribution, oxidative deteriora- 
tion may be severe. Packing in nitrogen, is, of course, 
of no further benefit after the container has been opened 
CHeuisiint sone Smithy elo 75.) 

It is evident from the foregoing discussion that 
PiSBMOcmaAce Olimar ly responstole tor *oLrh—-flavor in stored 
dehydrated potato products. Although packaging in an 


inert atmosphere is quite effective in preventing oxidative 
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deterioration, packaging and material costs are so high 
that other methods of preventing oxidative changes in 
potato granules are preferred. In commercial practice, 
incorporation of antioxidants into the dehydrated product 
remains the most practical and cheapest way of countering 


the oxidative deterioration problem. 
Mechanism of Antioxidant Action 


The majority of antioxidants which are used in 
foods are effective because they interrupt the chain pro- 
Dagat1on process™oOf aucloxidatlonm (primary anticxidants)< 
The formation of free radicals cannot be entirely sup- 
pressed, but can be retarded by a group of compounds able 
to complex heavy metal ions (secondary antioxidants). 
These compounds have little effect in the absence of pri- 
mary antioxidants. However, they enhance or greatly 
DLOmong tie action Of “primasy antizoxmdants. “Such syner- 
Gistic ability has been ascribedstovascorbic Vand *citric 
acids. However, in dry systems these acids function more 
as chelating agents which complex with trace metals, thus 
making them less available for the initiation step of 
Moot x tac LON.) init presence of increased moisture, 
ASCOLoOrCraAclLd  perrorms asea primary antioxidant (FAOsNutri- 
tion Meetings Report, Series #50 C, 1972). 


Phenols are the most commonly used antioxidants 
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due? to, their slacghte colom, unobtrusive odor and @taste; low 
toxicity and effectiveness at low concentrations. Widely 
used in dehydrated potatoes are BHA (a mixture of 2 and 
3-tert-buty1-4-hydroxyanisole), BHT (di-tert-butyl-p- 
cresol) and PG (propyl gallate). However, the ability of 
BHA and BHT to remain active in food products after heat 
treatments like baking, frying or dehydration makes them 
Liewtimst choicesas anrioxidants= (Lundberg, 1966). 

Synergism in mixtures between BHA and BHT is 
usually additive. Synergism in mixtures between BHA 
and BHT as well as between BHA and PG provides increasing 
antioxidant potency. Therefore, BHA and BHT are usually 
added together in the mashing step of potato processing. 
In order to obtain a good distribution in the mash, they 
are added in an emulsion or in a solution using ethanol 
as a solvent. An example is a patent assigned to the 
Amexdicanm Potato, Co.) (1967); in which an ethanol solution 
of BHT is added to mashed potato prior to dehydration. 

In freeze-dried whole foods where tissue integrity 
has been preserved, lipids are generally not well pro- 
cectred aby wyvnthetic antioxidantse (Porter et alg) 1977). 
However, these antioxidants do function well when they 
are incorporated and homogenized into the lipids in vege- 
table oils and lard. Hence, the poor protection in dried 


whole tissue foods, including granules or flakes, might be 
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Gquestoetie™lackmormreadvy=access OL tne antitoxraant’ to 
SrLes Of Oxidation, 1+e., polyunsaturated polar’ lipids of 
the membrane systems of the tissue. 

Antioxidant effectiveness in dried membranes on 
porous and dried model systems coated with a monolayer 
of Tinokeic acid* was™reportea by Porter et al>(1977) . 

BHA and BHT were 3.6- and 1.l-times , respectively, 

more effective than tocopherol, while caffeic acid was 
BvsOe Superior (2 .1—-cimesies sine Cagrele acid result was-of 
interest since it is one of the natural phenolic acids 
present in potato tuber. These model experiments showed 
that BHA was by far the most effective antioxidant on 

a Silica matrix that simulated dry membranes. Model sys- 
tems of microcrystalline cellulose, glycerol and methyl 
linoleate showed PG to be more effective than BHA, but 
only at water activities above those typical for dried 
LOCGs* (nabuzarectcral., 1971). 

Improvements in shelf life with antioxidants in 
model systems consisting of methyl linoleate, glycerol 
and microcrystalline cellulose at water activities of 0.11 
and 0.75 were reported by Ragnarsson et al (1977). It 
was found that the primary antioxidants, BHAwandes shi 
Gave suogniticant protection=in a temperature’ range of 
25-45°C when compared with PG and tocopherol. These 


authors also reviewed the value of procedures referred to 
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as ~accelerated* shelfwlifertests (ASLT) in which the 
acceleration parameter is a substantial increase in tem- 
perature. They stressed the fact that predictions of room 
temperature shelf life based upon a single high temperature 
ASLT could not be done with any degree of confidence 

unless the reaction rate increase for a 10°C temperature 
rise (Q) 9) was the same for the sample containing the anti- 
Oxvdanewasiifton, thexcontroisen jwhichvantioxidant as omitted. 
For a low water activity system (a O11) the, normalized 
aoyeniet fon period (the time required for 3% of the linoleate 
to oxidize, divided by the time needed for a control) was 
20 for BHA and 15 for BHT at 45°C. At room temperature 

the values were more than doubled. This illustrated 

that a single ASLT study at 45°C could lead to a Sain Ga;— 
cant underestimation of the shelf life extension at room 
temperature and, consequently, to a very significant over- 
use of antioxidant. 

Activation energy (EB) values were obtained for 
model systems used by Ragnarsson et al (1977). The E. Or 
amcOonmterovror tan a of Omblswasels kcal/mole: In the pre- 
sence of primary antioxidants it increased to about 20 kcal/ 
mole. Ascorbic acid, instead of increasing the ES eRe Uishesie 
oxidation, appeared to decrease it. Nevertheless, it was 
concluded that, in the presence of an effective primary 


antioxidant in the temperature range of VEE el, at least 
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part of the decreasing effect of the antioxidant on the 
Ox tdation rabe soccunrned sas. a sresuwlt .of ja rise an) ‘the E. 


f Ove) OL OMOx LdattLon:. 
Use of Antioxidants in Dehydrated Mashed Potato 


Relevant data about the effects of antioxidant 
treatment on flavor quality and stability of dehydrated 
mashed potatoes were reported by Sapers et al. (1975). 
Since efforts to stabilize the membrane lipids in a mashed 
potato system must content with the problem of dispersing 
fat soluble antioxidants in a medium containing close to 
803 water, it was suggested that antioxidants in flake 
processing should be added as components of emulsions 
containing other ingredients, or as alcoholic sprays. 

When levels of added BHA and BHT were 55-60 ppm 
on a dry weight basis, drying the mash on a single drum 
dryer reduced the levels to only 13-20 ppm, regardless 
CEetAcemecnodsOL -antioxidantwadditione ss Thisscorresponded 
EOugamrecoveryson only 15—353,7 Warchanststilirbetter than 
the 10% experienced in potato granule production in which 
a fluid bed dryer is used. The initial antioxidant losses 
resulted mostly from volatilization and steam distillation 
dUgingmene addation Of antioxidants to the hot mash and 
during drying of the mash. However, additional losses 


of antioxidant were encountered during storage of flakes 
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LoreupD CtoPonesyecarT einwalr eat 23°c. Under these conditions 
the losses of BHA were negligible, while those of BHT 

were 14-222 —"h1so the metcnod of “anttoxidant addition 
had only a small effect on the storage stability of air- 
packed flakes. 

Mean flavor scores obtained by a taste panel com- 
plemented the results of gas chromatographic analysis of 
oxidation products in headspace and in volatiles isolated 
by steam distillation. These scores were the lowest in 
flakes to which BHA and BHT were applied by spraying and 
were the highest when BHA and BHT were added in an emul- 
SPoMe eA rtcer «six montns Oleestorage «the Oxidation product 
levels increased by the same amount regardless of method 
of addition, while after one year the levels were highest 
in the samples to which BHA and BHT were applied as an 
alcoholic spray and in those where they were applied in 
a corn oil solution using an aerosol sprayer. Neither the 
mean flavor scores nor the volatile oxidation product 
levels appeared to correlate with initial or final amounts 
Cebiaeanae hits " Indveatronsciac antioxraane concentration 
was inversely related to the level of oxidation products 
was observed only during the sixth to twelfth months of 
Storage. 

Sapers et al. (1975) also tested the stability of 


potato flakes containing quercetin or caffeic acid, or 
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their combination with BHA and BHT. The results indicated 
that all samples were initially satisfactory with respect 
to flavor scores “and levels of volatile oxidation products. 
However, flakes containing just quercetin or caffeic 

acid alone deteriorated during storage twice as much as 
samples containing BHA and BHT. This poor performance of 
these natural antioxidants of the potato might be due to 
their low mobility in the dehydrated system or to the use 
of an inadequate concentration. However, higher concen- 
trations probably could not be used in flakes because of 
their bitter flavor and the objectionable yellow color 

of quercetin. 

A combination of quercetin with BHA and BHT applied 
as an ethanolic spray resulted in a flavor score, after 
Six months storage, that was higher than flakes with BHA 
and BHT alone. Moreover, there were lower levels of 
volatile oxidation products after one year. Further re- 
search should be done in order to assess the potential 
value of such combinations. 

The control of oxygen in headspace of cans appear 
to be a promising way to suppress rancidity. Deobald 
and McLemore (1964) found that type I antioxidants were 
effective with sweet potato flakes only when the oxygen 
revere waicw. Us. MOreOVeryeDrazga etvalie (1964) found that 


exclusion of oxygen and its replacement with nitrogen provided 
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as= Good or better protection than addition of BHA, BHT 


or tocopherols to white potato flakes. 


Methods for Antioxidant Analysis 


An additional problem encountered during studies 
of the effectiveness of antioxidants is their quantitative 
analysis “since” their” concentration in’ the+product is nor- 
mally at the ppm level. Several methods have been developed 
for processed foods, each with some inherent advantages 
and disadvantages. To further complicate the matter, 
the accuracy of the results appears to rely heavily on 
the extraction methods used to separate antioxidants from 
processed food matrices. Two general routes exist for the 
Ce _CiminaciOn oF radtioxicantcminesroods. One 1s for f£oods 
with a high fat content such as nuts, processed meat foods, 
and some baked products and is of no relevance to this 
Study,) white the other is for low fat foods’ like some 
cereals, rice, and potato flakes and granules. 

In dehydrated mashed potatoes the determination of 
phenolic antioxidants, though assumed to be standarized, 
is still subject to further improvement. Filipic and Ogg 
(1960) reconstituted dehydrated samples and recovered 
antioxidants by steam distillation. BHA was determined 
by reaction with Gibb's reagent, and the total antioxidant 


content by Emmerie-Engel's method (Emmerie and Engel, 1938). 
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The content of BHA was then calculated by difference. 
Colorimetric determinations, however, can be inaccurate 

if there is even a trace of sulfur dioxide in the dehydrated 
sample. In addition, color development is not specific 

for BHA and BHT. The presence of other reducing sub- 
stances introduced for example, by the addition of spices, 
may give rise to overestimation of antioxidant levels. 

Color development is also sensitive to temperature and 
light, and consistent time control is usually neces- 

sary. More recent techniques are gas chromatography, 


spectrophotometry, fluorometry, and pulse polarography. 


Gas-Liquid Chromatography 

In recent years a variety of methods have been 
developed for the estimation of phenolic antioxidants by 
gas-liquid chromatography. In general they are more 
rapid than colorimetric detection methods and are much 
more sensitive. Many of the reported systems are suitable 
fom BEA and BHT. Buttery and Stockey (1961) extracted 
BHA and BHT from potato granules with petroleum ether. 
The extract was concentrated and injected onto a column 
packed with diatomaceous earth (firebrick) coated with 
20% Apiezon L. This method, although sensitive, requires 
aging of the column for 1 week at 220°c. Potato ial e eh cle 
which is extracted along with the antioxidants, produces 


some base line noise, thus limiting the sensitivity at 
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which the detector can be used. However, the main error 
seems)to result from aAncomplete’ extraction of* antioxi-~ 
dants from the granules. 

The method presented by Schwecke and Nelson (1964) 
uses a 10 foot aluminum column packed with SE-30 silicone 
gum (2%) and Tween-80 (1%) coated on chromosorb W-Type 
ABS, W70-S80emesh.s insthermmeprecedurela 10eq samples<of 
potato granules is extracted in a glass chromatography 
column with diethyl ether as eluent. Di-BHA (3-4 di- 
tert-butyl-4-hydroxyanisole) is added as an internal 
standard, and the eluate is concentrated anda ul aliquot 
injected for analysis at 150°c. The average recovery of 
antioxidants was 98.2%. 

GLC procedures are accurate and reproducible, 
and in practice BHA and BHT can be detected at concen- 
trations as low as 2 ppm. However, quantitative accuracy 
falls off rapidly below the 5 ppm level. The main pro- 
blem in analysis by GLC seems to be contamination of the 
column by potato lipids. Hartmann and Rose (1970) sug- 
Gesteduthal a short, precolumn of ‘silaconized glass wool 
be located in the sample injection port block as a trap 
PooeiolVGucdhesli zed) Vibtds sel iomtLdoemust. be Trequently 


replaced. 


3.9.2 Thin-Layer Chromatography Techniques 


Spectrophotometric analysis of samples from 
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cerea lsmartenr suse of gpapes chromatography or thin-layer 
ehromatographym | ULC mtoGgeamn vox dant purification miognt 
also be applied with dehydrated mashed potatoes, but the 
methods are time consuming and inaccurate at levels below 

5 ppm. However, separation of BHA, BHT and PG using 

glass TLC plates with silica gel as absorbent and benzene 
as a solvent (Sahasrabudhe, 1964) did prove to be a rapid 
and reproducible method for quantitative separation of 
Bileands the 2— and) J-BHAS@somers. If a similar method 
could be used with fused silica rods, wherein the developed 
rods are charred below a flame ionization detector and the 
amount of thermally generated ions is measured, the tech- 
nique would be a simple, accurate and rapid method and 

the sensitivity level would be 0.01 ppm or better (Hadziyev 


and Beaulieu, 1980). 


Spectrofluorometric Method 

The overall simplicity of an analysis based on 
the intrinsic fluorescence of BHA is an attractive fea- 
fugen “BehOouchsthe Quankumeyield foryBHA as small, 1t 
is still adequate for a sensitive spectrofluorometric 
procedure. Dilli and Robards (1977) introduced the method 
fOGeeaL Cy aDroaucts , .Ollvand margarine, with a sensitivity 
POGpeeoiAsOtLeate east 0,01 pomma ue does not interfere 
since its quantum yield is very low. However, BHA must 


be isolated by short but vigorous steam distillation of 
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an acidirved= (0s2eMen = SOm je esample of 1-2 gq. *The excita 


Ze 
tion wavelength recommended for the distillate is 293 nm, 


while the BHA emission is ready at 323 nm. 


Methods Based on Voltammetry 

A voltammetric method was developed by McBride 
ana Evans (1973) tor thervdetermination of sterically 
hindered phenolics, including antioxidants such as BHA, 
BHT, PG, tocopherol and tocopheryl acetate. They des- 
cribed a procedure for the rapid analysis of phenolic 
anelormicanes, 1np cat) and Locopnerols) in (foods from. a single 
polarogram in avery short analysis time. An inexpensive 
voltammetric instrument was employed in their study with 
no novel features involved in the design. They used a 
voltammetric cell fitted with three electrodes. It was 
equivalent to ia classical polarographic cell with one 
working electrode and an aqueous saturated calomel elec- 
trode (SCE) as the reference electrode. An additional 
platinum wire served as the third so-called counter elec- 
trode. The working electrode was a glassy solidified 
carbon paste electrode, which was sealed with epoxy cement 
at the end of a 5 mm glass tube. The surface of the glass 
tube-carbon rod assembly was ete ened with emery paper 
iieieiemWwasmaullce SmMOOLN. | | then, Using a rotary, polisher 
and alumina powder, the surface of the glassy carbon was 
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An organic solvent mixture of ethanol and ben- 
zene was used. Though numerous electrolytes ranging from 
potassium hydroxide to nitric acid were investigated, 
dilute sulfuric acid was found to be superior. Most analyses 
were performed using 0.12 M sulfuric acid in 2:1 ethanol- 
benzene (v/v). The reproducibility of the method was 
adequate. In a single voltammogram the peak potentials 
(ans Volts) were teem—tocopheroiye+005 /-eB-y-tocopherol, 

TO2 Oi -LOCOopherol, +0kv4sabHi, at). 08F ands BHAGte+0.78% 
The peak potential of BHA practically coincided with 

that of é6-tocopherol, hence, BHA can only be determined 

if the sample does not contain appreciable amounts of this 
tocopherol isomer. 

The advantage of the method is the rapidity of 
analysis compared to a conventional GLC procedure. A 
small disadvantage is that the electrode surface must be 
polished in order to ensure reproducibility and high 
sensitivity. 

Waltking et al. (1977) compared the voltammetric 
method to a GLC procedure for determination of tocopherols 
in vegetable oils. Voltammetry was found to be much more 
rapid and 2-3 times more precise. Attempts to establish 
the validity of the slightly higher apparent values for 
a- and y-tocopherols obtained by voltammetry implicated 


Gas Chromatography per sesor tocopherol derivative formation 
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as the source of error, rather than the extensive 
PRLOmEManioulabion: ommenemsample for chxromatogzaphy . 
Bssentially,;® tairlyeconsustent results’ were obtained, for 
&-tocopherol regardless of the technique used. However, 
more variable results, which were product dependent, were 
obtained for y- and d-tocopherols when the GLC method 

was applied. 

In an attempt to improve the sensitivity of the 
voltammetric method, differential pulse voltammetry was 
app! tedmbyyPodlahnaget ale awno77) sacLo.simultanecous ly, re- 
cord the presence of G-, ¥- andi déd=tocopherols. The results 
by pulse voltammetry and high performance liquid chroma- 
tography were compared. An analysis by t-test at the 993% 
Significant level showed no differences for the determina- 
tions of G-tocopherol, but some differences were found 
for the other isomers. The voltammetric method was found 
to be uncomplicated and, therefore, suitable for routine 
work. The differential pulse technique, as compared to 
a nonpulse, voltage ramp mode, is more sensitive and offer 
increased resolution between neighboring peaks. 

Differential pulse voltammetry was applied suc- 
Case yey enaydan sand sHadZiveve (1979) ein) the analysis 
of tocopherol, carotene, BHA and BHT present as additives 
in dehydrated potato granules. Generally, potatoes do 


NoOw@ecOnerlbuteceakS1gniticanteamount of tocopherols to the 
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diet. Bunell et al. (1965) reported the mg % of a- 
tocopherol and total tocopherol to be, respectively, 
020538 ands0. 0855 foreraw,eot02/#and “07055 for baked, and 
OF U4 wang, O0G MELOrepOuledspOotaco. Tocopherol was not 
detected in granules of the potato cv. Netted Gem. Since 
A-carotene had a half-wave potential of +0.58 V, it did 
not overlap with the half-wave potentials of BHA and BHT, 
while 8-carotene did not interfere as it is present only 
in the yellow potato cultivars. BHA and BHT were accur- 
ately determined since their half-wave potentials were 
well separated: © BHA P4007 S88V eandgehrTy flTo3-V. 

Based on the above, differential pulse voltam- 
metry was chosen as the method in this study for simul- 
taneous determination of BHA and BHT in dehydrated potato 


granules. 


4. PREPARATION OF POTATO GRANULES 


WITH THE F-T PROCESS 
Materials 


Southern Alberta grown Netted Gem potatoes of 
Speci ficagmay ty. 0 0Usa(2e tee omc eyematterecontent)i: were 
obtained from "Iwabuchi and Sons Ltd.", Edmonton. 

Sodium bisulfite (NaHSO .) was) trom Wf. 2, Baker 
Chemical Co. ee his apsburg aN. 

Myvatex (a blend of 58% propylene glycol monoester 
with 42% distilled monoglycerides, prepared from hydro- 
genated soybean oil, with not more than 0.02% citric acid 


added) was supplied by Kodak DPI, Rochester, N.Y. 
Equipment 


Abrasive potato peeler, Model 6115, The Hobart 
Bihee Cone, DOneMisal bss OntarLo. 
Commercial Mixer, Model D-330-T, equipped with 
a wire beater, The Hobart Mfg Co. 
Vegetable) Slicer,sModel) Had2iv.,, The,Hobart Mfg Co. 
Aemosonert casteamecookersw nthmcovenyl 1d. 
Stainless steel baskets, 22 x 20 cm x 10 cm height. 
Stainless steel trays, 60 x 46 cm. 


Air blast freezer with minimum air temperature of 
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-29°cC and air veloc Leys Omer ta2 m= sich 


Manesty Petrie Fluid bed dryer, Model MP 10E as 
modified by Ooraikul (1973). Manesty Machines Ltd., Speke, 
Liverpool, England. 

Speedomax 12 point temperature recorder. Leeds 
anceNorthrize Canada Utd.,.ontarlo. 

Canadian Standard sieve series, and portable 
sveveishaken,> # PX=2Z1¥eTheywe. tS “Tyler Cot, Canada Ltd., 


Stew Gatneranes, ) Ontarior 
Procedure 


The raw potatoes were peeled, sliced, washed 
and soaked in 0.1% NaHSO, solUmeronwaa batchsof 155 kg 
was loaded into each of the stainless steel baskets and 
steam-cooked for 35 minutes under atmospheric pressure. 
The cooked potatoes, along with 0.25% of surfactant 
(Myvatex), aS recommended by Ooraikul and Hadziyev (1974), 
were immediately mashed for 2 min in the Hobart mixer 
equipped with a wire beater. The speed of the mixer was 
approximately 400 rpm. Whenever required by the experiment, 
antioxidants were incorporated at mashing time. 

Thee nashedtpotalocsm(seeko)mweremspread about 1 cm 
thick on a stainless steel tray and frozen over night in 


the air blast freezer at -28°C to -29°C. The frozen pota- 


toes were thawed to about 0°c at room temperature before 
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being charged into the fluidizing bowl. The bowl was 
fitted with a blade Stuumereancdaay COLlection bag... Temp— 
eratures of drying air and exhaust air were recorded on 
the Speedomax recorder, and the air velocity through the 
fluidized bed was regulated by a regulating valve in the 
exhaust pipe. 

Predrying was performed with incoming air temp- 
erature of 85°C andmavelocityeormessj08m/min, and stirrer 
Speed of 30 erpm.) Ley tooks20=308mineto reduce the moisture 
of the mash to the desirable 40-45% level. At this stage 
the product was in the form of small aggregates of a few 
cells which were carried in the air stream to the cyclone 
SOLUECEOR. 

The predried product was recharged into the drying 
bowl after the blade stirrer was replaced with the beater 
stirrer. Granulation was then performed at G5=30 ce with 
eneain Velocity Of 30-50 m/min and wstirrer speed of 400 rpm. 
Granulation took 8-10 min during which cell aggregates 
were separated into fine granules of single or a few cell 
units which were carried in the air stream to the cyclone 
collecting bowl. 

Ghestines granules weremrecharged into the fluid-= 
ie OOW Meco sli nal dry dig icat 85°C with a 115 m/min air 
VeotOCiaymaliieiOws turting.. sDryang took LO-15 min, after 


which the dried granules were sifted through a series of 
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10, 18, 30, 35 and 60 mesh sieves on the sieve shaker. 

The particles which passed through the 60 mesh sieve were 
packaged as product and used for further experiments. 
Every batch followed the same processing procedure except 
for the experiment on the effect of changes in processing 
temperatures on antioxidant retention, where the predrying 
and drying air temperatures were lowered to 50 and 60°C, 


respectively. 
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Do) SEP LL GATIONSOF ANTIOXIDANTS 


Materials 


BHT, crystalline (2, 6-di-tert-butyl-p-cresol), 
analytical@grade, atoqmaschem Cocpm sth. Louis?) Mot 

BHA, anhydrous (mixed isomers 2: and 3-tert- 
buEeyl-4—-hvydroxy anisole) | =S1omar Chems1cal¥co., sts Louis, 
MO. 

Ethanol, anhydrous, Baker analyzed reagent, J. 
Wee bakerachem. Com, Phi psburg Nw. 

Tween 60 (Polysorbate 60), Atlas Chemical Indus- 


EGles, prantcord, «Ontario. 


Equipment 


MaeCnene MLxer,,  .LyYDemKMez me raun, AG, Krankiurt. 

PucbulasMixen, Type Tea2b,eWElly A. Bachoefen, 
Basil, Switzerland. 

Vimers 45" homogentzer,mlype, super 30, Virtis 
Research Equipment, Gardiner, N.J. 

Atomizer (connected to a compressed air line), 
BOUMiimeeGcpacity,. DeSsaga, mieldciborg = Wes tGermany. 

Mortar and pestle 


Burecte s(507mL)*, 
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53 Methods 


Antioxidants were applied to cooked and mashed 


potatoes in three major forms: 


5.3.1 Powder 
BHT and BHA or BHA alone were finely ground in 
a mortar before use. For complete and uniform incorpora- 
tion, the powder was added only during mashing of potatoes 


with the temperature of the mash at least FiOmce 


oe came S PON 

Two formulations of emulsion were tried. 

Emulsion #1 consisted of: 

MyVvatexine. 2m . aie nue ee Om 25> 3 W/ We(based.on; cooked 
potato weight of 
approx. 80% moisture). 

Antioxidants .. . . as required by the experiment. 

Wakete fa. heat See 5 21 / week basedpon.«cooked 
potato weight). 

Antioxidants and Myvatex were mixed and ground in 

a mortar. The mixture was then added to water preheated to 
s0°c, and homogenized with the Virtis "45" homogenizer 
WielieaesOLey anilkyecmulsionmtormned . 

Emulsion #2 consisted of: 

MYVacbex sain cule) see wee Ono SeW/We (based, on. cooked 


potato weight). 
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iwecisO0) ).n-eiemeeee.O. LOS w/w (based on cooked 
potato weight). 
Antioxidants imme... as required by the experiment. 
Watenist a seen ee © 25S i v/wetbased ontcooked 
potato weight). 
Antioxidants and Myvatex were dispersed in Tween 
60, then added into water preheated to S0uGe and homogenized 
with the Virtis "45" homogenizer at slow speed to obtain 
a soft, milky emulsion. The emulsion was incorporated into 
the product by dripping it from a burette onto hot potatoes 


while they were being mashed. 


Ethanol Solution 

The required amount of antioxidants was dissolved 
in a small volume of absolute ethanol (approx. 100 ml of 
ethanol solution were prepared for 4 kg potatoes) before 
being applied to the product. The solution was incorporated 
into the product by either spraying it with an atomizer 
SieeGeOpandeis froma bureltesgontoethe product during 
mashing or mixing. The ethanol solution could be easily 
incorporated into the product at any stage of processing 
since the solution does not contain surfactants which require 
addition exclusively during mashing. Therefore, the effect 
of processing on antioxidant retention was determined by 


adding it to the product at various stage of processing. 
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This included: 

a) Application at the mashing step by spraying 
and/ore’arippang. 

b) Application at the thawing step by spraying 
the solution onto the mashed potatoes before 
predrying. 

o) Application fomehalieor the quantity at, the 
mashing step and the remainder at the thawing 
Stem. 

d) Application to dehydrated potato granules by 
SpLavaind Baencamiscnceart a Turbula mixer, and 
by dripping and mixing with a wire beater 


in a Braun Kitchen mixer. 
Moisture Content 


Mositure content on potato samples was determined 
from the average weight loss from 3 replicates after 
Heaerng  bORG sot each at 55°c for 5 hr then at 105°C for 


2anieeinea mechanical convectlonsoven. 
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6. ANALYSIS OF BHA/BHT IN DEHYDRATED 


POTATO GRANULES 
Materials 


Reagents 
Benzene. Analar BDH Chemicals, Toronto, Ontario. 
Ethanol, anhydrous. Baker analyzed reagent, 
web. baker Chemicals €ormerhnilitpsburg, Nw. 
Sulphuriceacideee A mee eo.erneagent, Fisher 


SCLENt1£ic Coe, Farce Lawn, Nive 


Equipment 
Chioeomatod saphuceCOluUMNn Ss ancorx ecm 1.d. with 
porosite fritted disc (ASTM 25-50 um) and removable Teflon 
stopcock. 
VQuumeL CLC LlaSks) melo me Oren LOOe and 200ml: 
Steam Distal latvoneUnan 
i Electrothermal mantle, 2h 
4a ROUnCEDOGLOMmrtaskee 4/4057 0Int, 2 
3. Three-way Claisen distilling head, 24/40 
Oui 
4. Thermometer, -10°c to +360°C, 10/30 joint 
Se Wis tiilatiwone tube adapter, 24/40 Joint 
Gli LeCemneckmrims ky 24/40 vertical goints, Li 


(ow huberadapter,. 24/40 jount 
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8. Condenser, West type, 500 mm, 24/40 joints 
9...  Gondenserwadapter;, 24740"joint 
Dastil vation sUn2t 
1. Glas-col heating mantle, 100 ml. Glas-Col 
ApvavacuUsseo. ae TCrLe=naute, in". 
2. *ROundMbOEToneelasct, LOO ml, 24740 Joint 
3. Two way connecting tube, 24/40 joints, 
with 10/30 joint for thermometer 
4. Thermometer, -10°C to 360 ere 10/36 giepilue’s e 
5. Condenser, West type, 300 mm, 24/40 joints 
6. Condenser adapter, 24/40 joint 
PSeouUMents 
Houston Omnigraphic X-Y Recorder, Model 2200-3-3 
Polarographic Analyzer, Model 174A 
Poburateoucalonemmeuceeroue 7951; =olassy Carbon 
BIleGCErOde, =19555, sana Polishing Kit, 
#9320, all by Princeton Applied Research 
Go., Princeton, New. 


Pyrex glass cell with Pt wire counter electrode 
Cy Procedure 


6.22.) BxeracttonseoL BHA and=BHT 
Differential pulse voltammetry analysis of phenolic 
antioxidants is not directly applicable to dehydrated 


PObato Grantiles Since the antioxidants are dispersed “and 
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trapped in potato matrices. Therefore, it is necessary 
to isolate and often to concentrate the antioxidants 
present in the sample. 

Extraction of antioxidants from dehydrated potato 
granules was performed by the method suggested by Haydar 
and Hadziyev (1979). A glass chromatographic column was 
filled with a 5 g sample of dehydrated granules. The 
antioxidant was eluted with benzene, collecting 10 ml 
of effluent. In preliminary assays the recovery within 
the first 5 ml effluent was 96.8% of the total amount of 
BHA added into the granules. Additional volumes of 
ef ehicnimolenoOtmecOontalneGdereceuabrergiantity of the antioxi-— 
dane oli yeas FeCOVeELy -OLeo one) ror the first 5 mL 
extracemwas Obtained fon BHT (Figure 2). 

The same method was used for extracting the 
antioxidants from samples taken during different stages 
of processing, as long as the moisture content of the 
sample was not higher than 40%. Samples with higher mois- 
tures yielded a water-benzene extract unsuitable for dif- 
ferential pulse voltammetry analysis. Bieth et al. (1978), 
in their comparative study of the principal methods of 
separation, established that only two methods can give good 
results with high moisture samples, i.e., continuous ex- 
traction with ethanol, and steam distillation as des- 


Gripedebyeltlipi.c and Ogg (L960). The steam distillation 
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Fig2 Chromatographic 


ads 


method was used in this study to separate antioxidants 


from potato samples containing more than 40% moisture. 


sacl Steam distillation 


Deionized water (1.5 L) was added to the steam 
generator. A 50 g sample of potato granules was introduced 
Mieco thnesstrl | and mixedewellewithe200 ml of water. A 
graduated flask was placed under the condenser tip, and 
immersed into a crushed ice bath. The heating rate for 
the steam generator was controlled so that vapor entering 
the condenser exitted completely condensed. The content 
Ofecileusample rlacsi was bowledigentiy to allow the gen— 
erated steam to flow through the sample without condensing. 
The steam flow was adjusted to give about 20 ml condensate 
nee Minute. After approximately 260 ml were collected, the 
steam was turned off and the condenser rinsed with dis- 
tilled water (Figure 3). 

A preliminary recovery assay was made using 50 
g of mashed potatoes containing a known amount of antioxi- 
dant and collecting five volumes of distillate. The assay 
showed that the first fraction collected (200 ml) contained 
74.6% of the amount of antioxidant added, the second frac- 
tion (30 ml) 17.0% and the third (30 ml) 8.5%, while addi- 
ELOualeeraceions did not, contain detectable amounts of 
antioxidant. Hence, it was concluded that a distillate 


of about 260 ml would give adequate antioxidant recovery 
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under. the, standarized method of distillation. 

The distillate was transferred to a separatory 
funnel and the antioxidant was extracted five times, 
each time with 10 ml of benzene. The combined extracts 
wererconcentrated to Semlineassemimicro, all-glass dis- 
tillation assembly. The concentrate was transferred quan- 
Pepa mivelyatowa LOCmiavoOliMermeuemiiasi. Thesdasti)] lation 
flask was rinsed with benzene and the volume of the concen- 
brateswessmade up toVloemil 

The procedure described above essentially followed 
the steam distillation procedure given by Filipic and Ogg 
(1960), except that the trap containing MgO suspension as 
used by Filipic and Ogg (1960) was needed to remove pheno- 
lic and acidic components in the distillate that inter- 
BereeWuULN Tener color reactionsmtoreboth BHA and BHT in the 
standard colorimetric determination. Since such inter- 
ference does not occur in pulse voltammetry, the trap was 
Cilbubec nw eit agcdition, Slomaneereais (1962) reported that 
AaSeNucieasmiluepONeOL BHT etromeamscamole Containing 5 ppm 
is absorbed by the MgO suspension. The amount trapped 
remains about the same regardless of the amount of BHT in 
the sample. Hence, proportionally larger amounts of BHT 
are lost as the amount of BHT to be determined becomes 
less. They also reported that heating the trap could pre- 


vent this loss. All these facts illustrate the advantages 
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of the methods used in this study. 


6.2.2 Voltammetry Assay 

Concentration Range in the Extracts: 

SSS esse) Moke py ssp Melt) sevens 

Supporting Blectrotly ee. 

-Qel2 M Sultura ceacdoamsnnmmethanol—bpenzene 2:1, v/v. 

Anodic Half-wave Potentials of the Peaks 

= BHA, OO v9) BE, me Ooms 

An aliquot of 5 ml of the benzene extract was 
diluted with 10 ml of ethanol to reach the solvent ratio 
o£ 2:]l ethanol=—benzene, and 1.5 mil of the electrolyte (0.12 M 
sulfuric acid in ethanol-benzene, 2:1, v/v) was added to 
Make a total volume of 16.5 ml. A volume of not less than 
15 ml was necessary to cover the level of the platinum coun- 
ter electrode in the voltammetric cell. The solution was 
then analyzed in the differential pulse mode. All experi- 
ments were performed at room temperature (approx. NE Shy 
Quantitation was made from the peak heights via a cali- 
braevonecurves(Pigure 7)5 

In order to obtain reproducible results, a stan- 
dard pretreatment procedure was applied before running the 
voltammogram. The carbon electrode surface was polished 
SiedeiinerctoOchn tissue wWithealumina powder in order to 


remove the absorbed compounds which could interfere during 
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All other electrodes were wiped clean between 


sample analyses with a Kleenex tissue moistened with 


ethanol-benzene, 2:1, v/v. 
Cys Bee Instrument Settings 
Mode: Differential Pulse 
SUDDOLeInG weleeruGlhy to mmm 2 Mi sulfuric acid in 
ethanol-benzene, 2:1, v/v 
Plectrode: Glassy carbon 
invetals potentval: A) ey 
Scanning rate: 2 mV/sec 
Scanning, direction: + (positive) 
Scanning range: OMe om tt Onete oe omm) 
Pulse amplitude: DO mV 
Current range: 50 vA 
Output offset: ohne 
Drop time: 0.5 sec 
Display directvon: - (negative) 
Low pass filter: One 
Output-offset adjusted to desirable 
stanking point 
Geoeee ae Calculation of Concentration: ug antioxidant/g sample 


(ppm) 
Peak height = x = ug/ml 
Sample dilution: 
Seml) benzene extract 
10 ml ethanol 


1S) il Siew a ebhenter chepksh- 


ToOtCaIs Oyo, 2m 


OL 2 eM, 


(ppm/m1 ) 


in ethanol-benezene 2:1 v/v 
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Se cM ome Ore —mamOounteOmeantroxldant an Originals em 
benzene extract. 


iiesvalvertsamiubtrolvedubvezeto obtain the quantity of the 
Sneloxnt Cane et nemOor! ola aELOBmMl extract trom 5) Gnceny— 
dveretwepotato granules. 


Peak! he lant Cie am | oes el Oram cee 


= ug/g (ppm dry or wet 
basis) 


Weight Sample (g) dry (or wet) basis 
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7. STORAGE OF DEHYDRATED 


POTATO GRANULES 


Bags 


POLVerDytenem@bad cm sami), 2 Osx 016 8cm. 


Equipment 
Controlled temperature oven. Thelco Model 6, 
PreciSstOneccteneioucerecon, Chicago, iL. 


Temperature Controlled Chamber, Labline 


Ge ecllt Calcg@ mari. 


Samples of 50 g dehydrated potato granules were 


heat-sealed in polyethylene bags and stored for a period 


of 6 weeks at 37°C in a controlled temperature oven and 


at 25°C in a controlled temperature chamber. Samples 


were taken after the third and sixth weeks of storage 


FOL VOltammetric daqetermination Of retained antioxidants 


(BHA and/or BHT) and moisture content determination. 
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8. RESULTS AND DISCUSSION 


Analytical Techniques 


The reliability of the voltammetric method for 
the determination of anttexidants applied by MeBride 
and Evans (1973), as improved by Haydar and Hadziyev 
Cio bys the Uttar onworeehemcaitLerentials pulse mode, 
was confirmed for dehydrated mashed potatoes. The toco- 
pherols and a-carotene extracted from the granules were 
undetectable under experimental conditions. Calibration 
curves in a concentration range of 4 to 40 ppm for BHA 
and BHT showed an excellent linearity of the current 
OuEenDuUL Signal peak heightbevs concentration plot (Pig. 7). 
Correlation coefficients between peak height and concen- 
tration were very high, with values of 0.98-0.99 (signi- 
ficant at p = 0.01). Samples were diluted when neces- 
Sary to permit analysis in the linear region of the plot. 

Although the electrode pretreatment procedure 
was always applied before a sample run, it was found that 
the glassy carbon electrode loses its sensitivity after 
Sxtensivemuse, Causinguandecregccomii the, Slopes Obe=the 
calibration curve. Therefore, the sensitivity of the 
electrode was checked regularly with a set of standard 


antioxidant solutions. If there was a change in peak 
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heights from the previous calibration curve, a new cali- 
bration curve was prepared and applied. To determine 
the possible interference by tocopherols and a-carotene, 
a blank sample (dehydrated potato granules without anti- 
Oxidants) was extracted with benzene and a voltammogram 
was run on such an extract. No detectable peaks were 
found for tocopherols or a-carotene, and the voltammetric 
CGUBVE was Similan to (that given«by. a solvent-electrolyte 
blank. The entire analysis took only a short time, and 
the accuracy and reproducibility of the results were 
good. This technique was also favored by the fact that 
no prior treatment or separation procedures were neces- 
sary for dehydrated potato granules. Consequently, 
the Sen ee procedures are suitable in this applica- 
malen oly 

During the experiments involving samples from 
different stages of granule processing, it was found 
that the degree of hydration has a great influence on 
the extent of benzene extraction. Extractions from par- 
tially hydrated samples, with moisture contents of 303 or 
less, were reliable, but higher degrees of moisture re- 
duced the extractive capacity of benzene and produced a 
cloudy extract because of emulsification of water in ben- 
zene. 


As stated earlier, only two methods give good 
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Fesults [Omextractiomor anttoxtaants from denydrated 
mashed potatoes, continuous extraction with ethanol and 
steam distillation. Since ethanol becomes diluted with 
water from thersample, lt loses its extractive ability and 
miscibility capacity with benzene, hence, this technique 
was not acceptable. On the other hand, steam distillation 
gave good results for the mash and predrying samples (more 
tian sO0¢#morsture), with 97 sesrecovery of antioxidants. 
At least duplicates of samples were taken for 
antioxidant analysis. The variation between replicates 
tended to be greater in samples when antioxidants were 
applied in an ethanol spray than in samples when antioxi- 
dants were applied in an emulsion or directly as a powder. 
This may be because part of the antioxidant in the ethanol 
spray was lost through evaporation of some of the vola- 
Pive fine mist “Pr Also, once the® ethanol spray did ‘come’ in 
contact with the hot mash, the antioxidant would be rapidly 
absorbed into potato cells near or on the surface of the 
mash and could not be easily dispersed, resulting in nonuni- 
forme o1strabucion, of the antiloxivdant. -Whenapplied™ as a 
power or emulsion, on the other hand, the antioxidant 
would= Dey alsperced. fai ily wel leby mashingwact ion bérore 
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It, isva@typicalvexample of alow’ fat food product. 
Phenolic antioxidants (BHA, BHT and PG) have been widely 
used in dehydrated potatoes to prevent or minimize auto- 
xidations (Crystalline ssnA tor teHT hor theirtsolutions 
are quite often used for this application. The vola- 
tility of these antioxidants appears to be beneficial 
characteristic when they are used in the processing of 
potato granules. 

It has been found that small quantities of BHA 
OrebHTfadded Sto potato mash “prior tto "drying =steps will 
disperse by volatilization or '’steam distillation, re- 
suloing sin Sprotecahron sof tenemproduct during =processing 
and subsequent storage. 

Phelesma butquantl ty for Gantroxidantiiwhich “finds its 
Wa Bicone Lipid  spertion Sofetheeproduct under tihese 
conditions iS apparently adequate to provide a high de- 
gree of protection. However, because of the volatility 
of some antioxidants, particularly those with phenolic 
Sstructures:,, their “loss “through steam “distillation during 
processing of high moisture foods can be substantial 
(Sherwin, 1972), even under less strenuous processing 
conditions such as in freeze-drying (Kirleis and Stine, 
1978). The loss may, to a certain extent, be reduced 
through the use of suitable application techniques. 


In the production of potato granules with the 
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EP=-Teprocess ,w application of fBHT’ ore BHAJinspowderstform 
during mashing may be the most appropriate method, as 
the antioxidant and surfactant should be relatively well 
dispersed in the mash due to the high temperature (FOE) 
and the mashing action. Uniformly distributed antioxi- 
dant would protect the reorganized and newly exposed 
lipid membranes within the cells against oxidation 
during mashing and subsequent steps of the process where 
relatively high temperatures are applied. However, the 
results in Table 1 show that the loss of the antioxidant 
was the highest during the early stages of the process 
when only about half of the moisture was evaporated. 
Approximately half the content of BHT and BHA was lost 
during mashing and predrying steps. A further, 20% of 
BHiiwas lost)during granulation, which took place at 
about S0c er and? anvaddi¢ionallossso fais thoccurred? during 
drying, when the temperature was raised to about 85°C. BHA 
appeared to follow a similar pattern of loss during the 
process, though its second major loss (35%) took place 
fucingLasying. a1 Ingihe final product: 15% of BET was re=- 
tained as compared to only 5% of BHA. This appears to 
indacatesthatyBHT\hasea greater “carry; throtgh"” capacity 
than BHA with respect to the F-T processing conditions. 
The results are in sharp contrast with those of 


Kirleis and Stine (1978) who found that BHA was retained 
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better than BHT in their model freeze-dried system. 

The difference may be attributed to the fact that the 

F-T process is operated under atmospheric pressure and 

a drying air temperature of up to g5°c, while the freeze- 
dry system is operated under high vacuum and the product 
remains frozen throughout the drying cycle. 

It was noted in the current study that samples 
taken for the analysis of antioxidants varied widely 
in their antioxidant content. In some cases one sample 
contained 5-6 times greater antioxidant content than 
thesothers. This indicated that’/the antioxidant was not 
uniformly dispersed throughout the product during mashing. 
The antioxidant was not well distributed until after 
predrying, when the variation between samples was much 
smaller (Table 1). 

The dist Picultyveoe.d1spemsdoneand bringing the 
aneLloxidant unto effective "contact with) lipid sites in 
a potato cell was partially overcome in a potato flake 
process by applying antioxidant in an emulsion or an 
ethanol solution spray. 

In the present study two emulsion formulations 
were tried with the F-T process. Emulsion #1 consisted 
of BHT, Myvatex and water, and Emulsion #2 consisted of 
BHT, Myvatex, Tween 60 and water. Both were homogenized 


into a milky consistency and each was applied from a 
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burette dropwise into potatoes during the mashing step. 
However, aS shown in Table 2, almost 97% of the anti- 
Oxidant was lost during mashing and predrying for both 
LyYpes OL emulsion. Iietheseinaie product only 12 of 
BHT was retained when Emulsion #1 was used, and all was 
lost when Emulsion #2 was applied. Thus, Emulsion #1 
seemed to offer slightly better retention than emulsion 
#2, and, Since it was easier to prepare, it was exclu- 
Sively used in further experiments with emulsions. When 
BHA replaced BHT in emulsion #1, the retention was slightly 
improved by 2.57%. These results indicated that the vola- 
tility of the antioxidants was increased substantially 
when in an emulsion, allowing greater loss through steam 
distillation during the process. 

io was thought thats retentrvon of the antioxi— 
dants might be improved by lowering the predrying and 
drying temperature of the F-T process. However, this 
was not the case, as shown in Table 3 where there was 
no retention when the temperature of the two steps was 
lowered from 85 to 60°C, and only about 2% was retained 
when the temperature was Secs This was apparently due 
to the fact that at a lower temperature it took a pro- 
portionately longer time to ‘Nevers the moisture content 
of the product to the desired level in each of the pro- 


cessing steps, thus resulting in an even greater loss of 
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the antioxidant. These results agree well with those of 
Kirleis and Stine (1978) that BHT and BHA were completely 
lost from a gelatinized starch-antioxidant model system 
when the freeze-drying time was doubled. 

The volatility of the antioxidants was increased 
further when they were applied as an ethanol spray (Table 
4). When the spray was applied during the mashing step, 
less than 1% of BHT was retained in the final product. 
In an attempt to improve the retention, the spray was 
applied on the thawed mashed potatoes in one experiment, 
while in another experiment half was applied during 
mashing and |jthe rest during thawang, In both cases no 
BEY was) cound in) Chest ing | soroducte, Lt appeared that=a 
Significant amount of the antioxidant was lost during 
spraying through the loss of the highly volatile fine 
mist. Furthermore, ethanol lowered the vapor pressure 
above the product during the heating process, thus sub- 
Stanclauly. increasing (Lhe volatubiley of the antioxidant. 
Even when this technique was applied to explosion puffed 
potatoes, using N, as the atomizing agent (Konstance et 
au ee oe oye the OSs Of voniioxidants was LounaGd to: be: so 
Grea thatetessinltival concentracion would) havesto be at 
least five times greater than the concentration required 
iit hewtinadleoroduct. 


From our experiments it was evident that the loss 
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of antioxidants was associated with the loss of moisture 
From-the=product during =the process. *To*substantiate 
this hypothesis, the percent loss of antioxidants, 
applied as powder, emulsion or ethanol spray, was plotted 
against the corresponding percent loss of moisture during 
various steps of the F-T process (Fig. 8). When simple 
correlation and regression analysis was applied to the 
results, the r-values and the slopes of the regression 
lines obtained were as shown in Table 5. All r-values 
Were=S¥Onifticanteat pe= OF U5 si mcrcating™a*strong rela-— 
tionship between the loss of antioxidant and the loss of 
moisture through evaporation. Kirleis and Stine (1978) 
made a Similar observation when they found a strong rela- 
tionship between BHA retention and the moisture content 
Omeene= product. lney* Lound¥tnateproduects= with hagher 
moisture contents retained greater amounts of BHA than 
those with lower moisture contents. 

Steam distiiiatron® and’ vyolatiJization Of “antioxi- 
dants are the two major mechanisms responsible for anti- 
oxidant loss. The loss is variable and is dependent on 
thesmechod Of“antioxidant applicatiton, as=indicated by 
the slopes (b) of the regression lines. The slope of the 
line of antioxidant addition in the form of a powder was 
the lowest (0.80), indicating that in this case the least 
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0.80% of the antioxidants was lost for each 1% moisture 
evaporated. The highest antioxidant loss per 1% mois- 
ture removal was found when the antioxidant was applied 
as an ethanol spray (b = 1.90), and the next highest 
loss was when it was applied as an emulsion (b = 1.82) 
(Big ee4)= (Table 5) 

This is as expected, since ethanol accentuates 
the steam distillation and volatilization of the anti- 
Oxidants during the heating process by its ability to 
lower the vapor pressure above the product. A similar 
effect, though to a slightly lesser degree, occurred 
when the antioxidant was dispersed in the surfactant 
emulsion prior to addition to mashed potatoes. 

The levels of antioxidants in food products are 
Subject to regulation. In the fifteenth report of the 
joint FAO/WHO Expert Committee on Food Additives a com- 
batiae eOneOreanlroxidants at aslevel ob OF 00s (1.0 ppm) 
on a wet weight basis was reported to be used commonly 
Ime the sdehydrated potato qranulemindustuy (FAO, 1972)). 
The legal status in Canada for phenolic antioxidants in 
dehydrated potatoes is 0.005% (50 ppm) for BHA or BHT 
alone Ob LOL sa mix cure OL ches cWwOswLtn Ol WiEnOUteEG 
(Hadziyev and Steele, 1979). 

In commercial potato granule production with the 


A-B process, the recovery of antioxidant is only about 
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10% due to the typical losses incurred mostly from 
volatilization gandmstearmadistallations during addition of 
antioxidants to the hot mash and during drying of the 
mash. Fromethewresiihes Of etiis study, in order to ob=— 
tain 50 ppm antioxidant in the F-T process end-product, 
at least 500 ppm (dry weight basis) should be applied 
during mashing in the form of a powder, with surfactants 


also being added at this stage. 
storage Test 


The retention pattern of BHT and BHA, applied 
by three methods, in F-T potato granules packaged in 
polyethylene bags and stored at 25°c and 37°C for 6 weeks 
is shown in Table 6. The per cent retention, based on 
the initial quantities of the antioxidants in the gran- 
ules, is also plotted against storage time (Fig. 10). 
Untorbunately, Hine int@tial quantaty of antioxidants could 
not be standarized forvall casessdue to difficulties in 
processing, the inherent characteristics of the appli- 
eation methods, and time Wamitations- of gihe project. 
Nevertheless, the overall picture can be delineated as 
follows. Firstly, there was no significant difference 
between the two storage temperatures with respect to the 
Letention OLethe antioxidants." secondly, antioxidants 


applied in powder form had a better retention during storage. 
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Figure WEffect of storage on retention of BHT and BHA in 
potato granules packaged in polyethylene bags. 
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Thirdly, in all cases BHA had a better retention than 
BHT. This is particularly interesting, .because «the re- 
Sults in the previous section showed that BHT was re- 
tained to a greater degree than BHA over the process. 
Yet, during storage the reverse was true. This may 
indicate that BHT can withstand heat processes better 
than BHA, but it is lost at a greater rate than BHA 
through oxidizationtonsinteraction with pootato consti-= 
tuents during storage. The storage results, thus, appear 
to confirm the observations made by Kirleis and Stine 
(1978) that there is a greater retention of BHA than 
BHT in freeze-dried, starch-based model systems. Finally, 
the results of the present study show that BHT applied 
in an emulsion or ethanol spray was completely lost after 
3 to 6 weeks of storage at either Doe Glome i. Cae Ban 
seems to be retained slightly better than BHT for both 
of the application techniques. These results indicate 
that the powder application technique is the most suitable 
mode: Eormathe H-T woranule, process: 

Stuckey (1975) showed that BHA is more stable 
than BHT in low-fat products. He stated that a dehydrated 
wheat-based product processed with 50 ppm BHA took approxi- 
mately 3 more days to develop rancidity at 63°C than 
when processed with an equal amount of BHT. This point is 


illustrated clearly when per cent antioxidant retention 


raat? anboae'san ; _paaad me sel + 


ee. 
: 


a % Ps _ 
Aveo) rub bateega 
- an a> om a a ee = J 
7s? eis roy spi rye* 7 saa 
- —s sw The *EH®e Dowont vi a2 Seaor Tsai als 
- . - 
7 7 f 7 _— 
ee q -= ct ; ry ORE ae 37) J 32% ; 
Vem 22217 Suc. BA ; i «ShEecve 
; | i - 
i ee ties pz . et; 
= a2 Noy pratt (EJF S.- 22s See ‘i775 & 
= oO 2232¢e8 74. 2t 2 : 
. : - 
Jf eqs a3nt Geteai ¢ se0l ek Sivas Ane a 
, a oe ’,, : 
- a Shof- O27 uy esAw ie a i 6 Cer ee — .) mo epvomts 
7 7 
> 
249 lves exci: Prote oP eee 
ez: i aia : ap yly 3 pa ‘ = ¥ } 
- i s 
"aun VE 4 Soul 44 prt A283 ‘sutie le aiijeds oF 
fi =] alts =I - ‘4% / : 
é - _ - ~~ 
2 at, : : a. iJ . , te iA 7 
ess heed i 30 ie war the, 1Ho + ey re tel .2 > 2h ‘eeS) 7 : 
7 7 _ - 
VLlisnrd 4e3er% latom tore be nr THE — 
® — ) 
S ws mie ou err { nt ofa 
ne Rta C4 r r 7 
é ay 
*e726 Get lata tarot cev Vetge ne 
r Pte ae : } oil 
; i 
_» S2ac sot THe a5 of ‘ 
; t 
! Sy tmlt et2uae= 3As << 1Iees 
simtntive team aiid < ‘e =h Le 
i é cu Ti 
i - 
sid6é*2 eto S. a 2 (oy 
Ssreuigtoe. 4 godt.betsie sti, seta ag 
% . 
—ty-s@0b oo) 48 mag Of iin Dokasao Tg 
7 - 


: io 7 _ ~_ . we - 
| i bak Josbinesias ie te; Sede 
me) 


aT; i ae 


: /_ — 


24, ‘hiicc gift tha = —s Pili a 
in ‘ 


84 


is plotted against storage time (Figures 10a and 10b). 
At both 25 and 37°C storage temperatures about 55-60% 

of BHA, applied as powder, was retained after 6 weeks 
while only about 8% of BHT was retained. It may be con- 
cluded, therefore, that in regards to storage stability 
BHA is more effective than BHT for F-T potato granules. 
However, if process stability of antioxidants is taken 
into account, a combination of BHA and BHT at a suitable 
ratio may prove to be most effective. This was demon- 
strated to be so by Stuckey (1975), who showed that a 
combination of 10 ppm each of BHA and BHT, instead of 

50 ppm of just one of the antioxidants, could double the 
Shelf life of a dehydrated cereal product. 

It is not clear from storage experiments why anti- 
oxidant applied as emulsion or ethanol spray was much 
less stable than when applied as powder. The answer may 
lie in the way in which the antioxidant is dispersed 
in the product - whether it is uniformly distributed or 
only associated with some constituents (cellulose, lipid, 
DECI eS eeLCl) sO Pa chespLOOUCL mmealSO,mcne: 1OCation in 
the product, that is, within or on the external surface 
of the single cell of a granule, and the form in which 
the antioxidant exists (1.eN, as crystals, as a solute 
in the lipid phase, or distributed on cellulose pectin 


or starch matrices) will partly determine its stability 
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and effectiveness. Further study is required to eluci- 


date these questions. 
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Jon eCONGLUSION 


The pulse polarographic method for the analysis 
of BHT and BHA has proved satisfactory. No interference 
from Atocopherol or 8-carotene, both found in potatoes, 
was experienced. Sensitivity was good to as low as 
2 ppm, and reproducibility was quite acceptable. 

Application of antioxidants in powder form, toge- 
ther with surfactants, during mashing was found to give 
the highest antioxidant retention in potato granules 
produced with the F-T process. BHT was more stable 
during the process than BHA. The loss of the antioxi- 
dants waS proportional to the loss of moisture during 
the process, indicating steam distillation as the major 
factor causing the loss. Lowering processing tempera- 
tures did not reduce the loss, as a longer processing 
time was required to remove the same quantity of moisture. 
Applying antioxidants in an emulsion or ethanol solution 
resulted in poorer retention. This was attributed to the 
increased volatility of the antioxidants in the emulsion 
Gm ctnancleso lution. 

NOSSiLOuab Can Dadi benenceswacedetecteduiny anti 
oxidant stability when potato granules were stored either 
at 25°c or 37°C. Antioxidants added in powder form during 


the process were retained better during the 6 weeks of 
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storage than those added in an emulsion or ethanol 
solution. In all cases BHA was more stable during stor- 
age than BHT. About 60% of BHA was retained after 6 
weeks of storage when it was added as powder. 

To, obtain. 50) ppomeanticoxidant sin the potato granule 
end-product and for the highest retention and stability 
during processing and storage, a combination of BHT and 
BHA Vat aycombpined-concentrationvo2t 8500 ppm on a dry matter 
basis is suggested. It should be added in powder form, 
along) with an appropriate: duantity of Surfactants, during 


the mashing step of the F-T granule process. 
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10. RECOMMENDATIONS FOR FURTHER WORK 


The present study showed that during an F-T 
dehydrated potato granule process the losses of anti- 
oxidant are closely related to the loss of moisture by 
steam distillation in the different processing steps. 
The distribution and retention status of antioxidants 
Snmethiewbinal Croduct = sanoteclear.m Also, Lobe clariatied 
are the antioxidant locations in potato granules (on 
Enepsuntace, within thesgranulescel!, sin cell wall, in 
the lipid layer surrounding the gelatinized and retro- 
graded starch matrix, or entrapped within the starch 
Mae rx ye 

The surface effect on phenol retention, the pos- 
sible involvement of hydrogen bonds, and protein- 
phenol interaction and/or effect of matrix charge should 
also be clarified. The antioxidants may be added as 
ethanol solution to study such effects, or as "micelles" 
in a formulation with monoglyceride emulsifier to dis- 
cover if the retention can be enhanced via "micelles", 
or via clathrate compound formation, with starch helices 
aswthe host compound. 

Possible new methods of antioxidant incorporation 


into granules to improve retention of the antioxidants 
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in the F-T process should be found to obtain an appro- 
priate concentration in the final product. A comparative 
study between the A-B and F-T processes with respect to 
antioxidant retention at various processing steps is also 
recommended. 

The differential pulse voltammetry method for the 
analysis of antioxidants has proved to be satisfactory 
in the present work. However, in order to assess its 
convenience in a processing quality control laboratory, 
comparisons with other techniques such as spectrofluoro- 
metry, gas-liquid chromatography, thin-layer-rod chroma- 
tography (combined with a flame ionization detector system) 
and colorimetry should be made in order to find a fast 
and economical method suitable for quality control pur- 
poses. Special attention should be given to fluorometry 
and thin-layer-rod chromatography, since both appear to 
provide a sensitivity better than 0.01 ppm for quantitation 


Of BHA and/or BHA + BHT. 
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